This paper analyzes the economic and poverty effects of a voluntary carbon emission reduction for a small liberalized economy-the Philippines. The simulation results indicate that tariff reductions undertaken by the Philippine government between 1994 and 2005 reduced the cost of fossil fuels thereby resulting in an increase in carbon emissions. The economic cost of reducing carbon emissions by imposing a carbon tax appears minimal as the reduction in consumer prices due to tariff reductions outweigh the increase in production cost from the imposition of a carbon tax. Overall results suggest that maintaining carbon emissions relative to 1994 levels appears to be a sensible alternative for the country.
Introduction
The Philippine government has actively participated in various multilateral agreements involving the environment. Among others, the government has signed the United Nations Framework on Climate change (UNFCC) in 1992 and the Kyoto Protocol in 1998. In 2003, the Philippine congress ratified the Kyoto Protocol paving way for the creation a Kyoto consistent Greenhouse Gas National Action Plan for the country.
The Philippine government has undertaken substantial trade-policy reforms since the 1980s to enhance domestic producer efficiency and encourage exports. This program was further reinforced by the emergence of the World Trade Organization (WTO) and other multilateral trade arrangements forcing the government to legislate significant tariff reductions in the mid-1990s.
Demand for fossil fuels in the Philippines has been increasing since the last decade. As a result, the country's fossil fuel related carbon dioxide emissions have increased by 72 percent between 1992 72 percent between and 1998 72 percent between (WRI 2003 . Forecast indicates that this trend will continue as fossil fuel utilization is expected to grow by 62 percent between and 2012 (PEP 2003 , suggesting that future carbon dioxide emissions are expected to increase by more than half within the next few years.
This research analyzes the economic and poverty effects of a voluntary carbon emission reduction for the Philippines in light of the country's trade liberalization agenda. A static Computable General Equilibrium (CGE) model calibrated to 1994 data and linked to a household survey with 24,797 households is utilized to assess the impact of reducing carbon emissions via the imposition of a carbon tax under a liberalized developing economy.
Although assessing the economic and welfare impacts of carbon taxation is not new to the literature, this paper contributes by focusing on the static interaction between tariff reduction and carbon taxation-in order to evaluate the economic and poverty impacts of a green reform in a small liberalized developing economy. Three counterfactual simulations are undertaken to shed light on this issue and to answer questions such as: (a) does the tariff reductions undertaken by the Philippine government between the years 1994 and 2005 resulted in an increase in carbon dioxide emissions? (b) what is the impact of the government's decision to increase household income taxes to 3 offset the foregone tariff revenue as a result of tariff reduction? (c) will the imposition of a carbon tax, to restrain carbon emissions under a liberalized economy be harmful to firms, households, and the government?
Carbon Dioxide and Global Warming
The growing concern towards global warming arising from the rapid accumulation of atmospheric greenhouse gases has, since the last decade, been part of the international policy agenda. In fact, the Kyoto Protocol was instituted in order to promote cooperative multilateral agreements aimed at controlling anthropogenic 2 greenhouse gas emissions. In addition, the Kyoto protocol establishes binding reduction commitments among Annex I 3 countries beginning the initial implementation period 2008 to 2012.
The Rationale behind the growing clamor for global greenhouse gas emission reduction, in spite of plausible future impacts, has been due to the increasing evidence of human induced warming. Although natural variations contributes to the accumulation of green house gases, recent scientific evidence show that the observed warming in the last 50 years has been attributable to human activities (IPCC 2001a) . Among the greenhouse gases, carbon dioxide (CO 2 ), the main anthropogenic greenhouse gas, has been identified as the foremost contributor to climate change. CO 2 comprise more than half as well as account for 60% of the total changes in greenhouse gas concentration, hence contributing largely to the enhanced greenhouse effect (IPCC 2001a) .
The combustion of fossil fuels, coupled with land use changes brought about by deforestation resulted in higher atmospheric greenhouse gas concentrations (mainly of CO 2 ) since the last century. Furthermore, the sustained economic dynamism of developed countries, as well as the continued industrialization of developing countries greatly increased the amount of CO 2 emissions since the last decade. Worldwide CO 2 emissions arising from fossil fuel combustion alone was estimated at 23,172.20 million metric tons in 1999, representing an 8.9 percent increase relative to 1990 levels (WRI 2003) .
Although 64 percent of these emissions originate from developed countries, the growing concern on the increasing share of developing countries' CO 2 emissions has been 4 recognized. This is because developing countries are under no legal binding commitment to reduce their future CO 2 emissions under the Kyoto Protocol. As such, it has been argued that a reduction agreement that does not include developing countries will achieve little gains (Mckibbin and Wilcoxen 1999) . In the same vein, to prevent any carbon leakage 4 problem, it has been argued that developing countries must likewise be part of the reduction agreement.
Philippine Trade Reform Program
The In 1991, the government launched TRP-2 to realign tariff rates over a five-year period. The realignment involved the narrowing of tariff rates through a series of reductions of the number of commodity lines with high tariffs and an increase in the commodity lines with low tariffs. In particular, the program was aimed at the clustering of tariff rates within the 10-30-percent range by 1995. This resulted in a nearequalization of protection for agriculture and manufacturing by the start of the 1990s, reinforced by the introduction of protection to "sensitive" agricultural products. Despite the programmed narrowing of the tariff rates, about 10 percent of the total number of commodity lines were still subjected to a 50-percent tariff by 1995.
In 1992, a program of converting Quantitative Restrictions (QRs) into tariff equivalents was initiated. In 1994, the country became part of the WTO, committing to gradually remove QRs on sensitive agricultural product imports by switching towards tariff measures (with the exception of rice).
In 1995, the government started implementing TRP-3 aimed at adopting a uniform 6,193 7,363 7,363 7,363 7,363 7,363 7,363 7,382 7,382 *Fishing; **Forestry Sources: Manasan and Pineda (1999); Aldaba (2005) Source: Asia Least-Cost Greenhouse Gas Abatement Strategy (ADB, 1998) On the other hand, projections indicate an increasing trend for energy and agriculture but a reversing direction for the forestry sector. The share of energy related CO 2 emission will grow by 482% in a span of three decades due to increasing fossil fuel dependence of the Philippine economy implying that almost 90% of the total future CO 2 emissions in the country will come mainly from the energy sector. The forestry sector became a net sink starting the year 2000 from a net emitter in 1990 owing to reforestation efforts. However, the projected fall in the residual dipterocarp forests dramatically reduces forestry sector's sink capacity by the year 2020 (ALGAS 1998).
Philippine Energy Utilization and Carbon Dioxide Emissions

Poverty and Inequality
Widespread poverty and the persistence of income inequality have been endemic since the post-war era (Balisacan, 1996) . Although various government policies to address these concerns have been implemented, the extent of poverty reduction over the last three decades however have been gradual, that by the turn of the century, the Philippines recorded the highest incidence of absolute poverty when compared with other East Asian Economies (Balisacan, 2003) .
Poverty is fundamentally a rural problem. Almost half of the rural population lives below the poverty line in the year 2000. This is in stark contrast when compared with those in the urban areas wherein poverty incidence is only a fifth of the population. An equally important consideration in assessing poverty and inequality in the Philippines is the peculiar but commonly held notion within policy dialogues about the nature, causes and factors that affect them. First, it is widely argued that economic growth does not benefit the poor because of the absence of trickle down effect. Second, it is inherently believed that spatial as well as sectoral dimensions contribute largely to poverty and inequality. However, Balisacan (2003) finds that these notions are not entirely accurate as his study reveals that: (a) past episodes of economic growth indeed contributed to poverty reduction; and (b) intra-spatial together with intra-sectoral rather than inter-spatial and inter-sectoral dimensions contributed largely to the causes of poverty and inequality in the Philippines. That is, within region rather than between region inequality arising from differences in Physical possession and human assets explain the foremost reason of inequality in the Philippines (Balisacan, 2003) . Source: FIES 1985 FIES , 1988 FIES , 1991 FIES , 1994 FIES , 1997 Coxhead and Jayasuriya (2002) analyzed the potential economic, poverty and environmental effects of trade liberalization in the Philippines using a CGE model called APEX (Clarete and Warr, 1992) . Although APEX has no explicit environmental linkage, the authors were able to infer on the probable environmental impacts of trade liberalization using "detailed prediction of input and output changes" particularly on the forestry sector. However, the impacts of trade liberalization on CO 2 emissions were not analyzed.
Corong (2003) 
The Model
The model is a static CGE calibrated to the 1994 Philippine social accounting matrix (SAM) and is linked to a household survey with 24,797 households. There are 10 producing sectors composed of: 1 agriculture, 6 manufacturing including 4 energy producing sub-sectors, and 3 services including the government. The CGE model has 12
representative households classified according to educational attainment.
Firms and Supply Side
Figure 1 presents the nested production structure of the model (assuming constant returns to scale). Gross output is determined via a four-stage process. The first stage involves the optimal determination energy input through Cobb-Douglas (CD) aggregation. On the second stage, the aggregated labor input is combined with capital to form a capital-labor composite using CD aggregation. Then, the capital-labor and energy bundle is combined through constant elasticity of substitution (CES) aggregation in the third stage. Gross output is produced through a Leontief function of intermediate inputs,
energy bundle, and the capital-labor bundle.
Figure 1: Production Structure
The supply side of the model is specified as a constant elasticity of transformation (CET) between export and domestic sales with the allocation between exports and domestic sales depending on the export price, local price and the elasticity of substitution. 
Households, Demand Side, and Poverty
The demand side is specified as a constant elasticity of substitution (CES) function between imports and domestic good. This is otherwise known as the Armington or small country assumption to account for product differentiation between imported and domestically produced goods. The allocation between imports and domestic good depends on the import price, domestic price, and the elasticity of substitution.
There are 12 Representative households groups (RHGs) in the CGE model with each household maximizing their own utility subject to a Cobb-Douglas Utility function.
They are classified based on educational level and place of residence, with each one having their own labor and capital endowments.
However, merely using the RHGs in the CGE to assess the household poverty impacts arising from a policy shift is not adequate. To address this, the year 1994 family income and expenditure survey (FIES) covering 24,797 households was utilized. To ensure consistency between the RHGs and the respondents in the FIES, the households in the latter were categorized by using the household characteristics found in the former. Poverty is measured through Foster-Greer-Thorbecke (FGT) P α class of additively decomposable measures (Foster, Greer and Thorbecke 1984) . The FGT poverty measure is:
where α is the poverty aversion parameter, n is the population size, q is the number of people below the poverty line, y i is income, and z is the poverty threshold. 6 The poverty threshold is equal to the food plus the non-food threshold, where threshold is defined as the cost of basic food and non-food requirements. Poverty indices are computed before and after the policy shock using the actual distribution of income in the FIES. The FGT poverty measure depends on the values that the parameter α takes. At α  = 0, the poverty headcount is calculated by accounting for the proportion of the population that falls below the poverty threshold. At α = 1, the poverty gap is measured indicating how far on the average the poor are from the poverty threshold. Finally, at α = 2, the poverty-severity index is revealed. The severity index is more sensitive to the distribution among the poor as more weight is given to the poorest below the poverty threshold. This is because the poverty-severity index corresponds to the squared average distance of income of the poor from the poverty line, giving more weight to the poorest of the poor in the population.
Carbon Emissions, Government Revenue, and Carbon Taxes
Carbon emissions are endogenous into the system. It is computed by using carbon specific fuel coefficients multiplied by the actual fossil fuel use of each sector: Following Zhang (1998) , given the government revenues by kind of fuel j, the carbon tax can then be converted into fuel-specific advalorem tax rate, through the ratio of government fuel-specific revenues to the total values of domestic absorption of the fuel given by: The computed per fuel ad valorem tax rate can then be applied to the domestic price of fuel expressed as:
(1 )
Where PC j represents the composite price of fuel j with carbon tax
Model Closure
Government Account Balance: Nominal government spending varies as a result of changes in nominal prices, but real government spending is held fixed in order to abstract from possible welfare effects as a result of changes in government spending.
Holding real government spending fixed prevents the government from influencing the simulation results through changes in government consumption. Nominal total government income is held fixed. Any changes in government income from tariff reduction or from the carbon tax is compensated by changes in household income taxes, implying that all simulations adhere to equal yield scenarios. For instance, a reduction in government income arising from tariff reduction results in a pro-rated increase in income tax rates imposed among households. Similarly, an increase in government income arising from carbon taxation results in a pro-rated decrease in income tax rates imposed among households. Government savings is flexible to allow for changes in endogenously determined price of total real government consumption.
Carbon Tax Revenue:
The generated carbon tax revenue is recycled back into the economy by decreasing-in a pro-rated manner-the income taxes paid by household.
This implies that households who pay higher taxes at the base receive more reduction compared to those households who pay less.
Savings-Investment Balance:
The savings-investment balance is fixed. Total real investment is fixed to prevent any inter-temporal welfare effects. The current account balance is likewise held fixed, which is analogous to the assumption of constant foreign savings in order to abstract from any welfare effects linked to foreign capital inflows. The real exchange rate 7 clears the foreign sector. Imports and exports are allowed to vary as a result of the changes in the real exchange rate. The nominal exchange rate is the model's numéraire.
Labor Market: The labor market assumes a neo-classical closure wherein Labor supply is always equal to labor demand. Table 5 presents the economic structure at the base. The pattern of trade shows the dominance of the manufacturing sector, with light manufacturing and heavy manufacturing accounting for more than half of total trade (both exports and imports).
Baseline Statistics
Structure at the Base
Indeed, manufacturing accounts for about 58 percent of total exports, outperforming both the services and agricultural sectors. The Light manufacturing sector, which includes food processing, semi-conductor, and textile and garments generates 52 percent of total exports.
On the other hand, both manufacturing and services allocate a significant part of their output to the international market. The most export intensive sector is light manufacturing (25.8 percent), followed by crude oil (17.5 percent), services (16.9 percent), and transport (15.7 percent), whereas agriculture, refined oil, and electricity have the least export intensity. Similarly, 89 percent of total imports accrue to the manufacturing sector with the remainder going to services and agriculture sectors with 10 and 1 percent respectively. This enormous share stems from the low valued added import-intensive assembly-type operation nature of the manufacturing sector particularly in the semi-conductor, textile and garments, machinery and assembly. Once again, light 7 The real exchange rate is the nominal exchange rate multiplied by world export prices divided by local prices.
manufacturing has the highest import share with 60 percent, followed by heavy manufacturing with 21 percent. The most import-intensive sector is crude oil with 97 percent, implying that a substantial amount of oil available in the domestic market comes from abroad. In the same vein, coal and refined oil are highly import intensive with 21 and 14 percent share respectively. The share of capital-labor-energy value added to total output is more than half for all sectors except light manufacturing, which utilizes minimal value added due to import intensive-assembly type operation nature of the semi-conductor and textile and garments sub-sector. Nonetheless, electricity, agriculture, and refined oil have the highest value added content with 82, 74, and 70 percent respectively.
The highly energy intensive sectors, defined in terms of energy to value added ratio are refined oil (50 percent), electricity (32 percent), coal (13 percent), and crude oil (8 percent). Among the non-energy producing sectors, transport is the most energy intensive with 20 percent energy to value added ratio.
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The utmost user of value added is services with 37 percent, followed by light manufacturing, and agriculture with 21 and 20 percent respectively. The agricultural sector generally has a higher labor to capital ratio due to the highly labor intensive nature of agriculture in the country Table 6 shows the energy utilization of all sectors in the economy. Refined petroleum, owing to its nature of production-converting crude oil for final consumption-utilizes for more than one fifth of total available energy in the economy, whereas crude oil sector consumes the least amount of energy in the economy. The entire economy's energy mix is composed of 48 percent refined petroleum, 30 percent electricity, 20 percent crude oil, and 1 percent coal.
Energy Mix
Similarly, table 6 presents the sectoral energy mix in the economy. The foremost user of refined petroleum is transportation with 96 percent, followed by the energy producing sectors. As expected, the refined petroleum sector is the most intensive consumer of crude oil 8 . The heavy manufacturing sector is the most intensive user of coal, whereas light manufacturing is the principal user of electricity. Table 7 shows the sources of household income. Income generated from labor wages is the main source of income for all households (only urban-female with high school and college education as the exception), followed by earnings from capital and other sources such as government transfers, dividends, and remittance income. The share in total income presented in the bottom part of table 6 reveals a disproportionate earning capacity between urban and rural households. Of the total labor income generated in the economy, only 32 percent went to rural households with the remaining 68 percent accruing to urban households. This is likewise true for capital income with 35 and 65 percent going to rural and urban households respectively. Even worse, the category other income shows rural households receiving only 18 percent compared to the 82 percent share for urban households In 1994, about 41 percent of the population of 67 million was below the poverty threshold (Table 8 Trad-Lib 60 percent nominal tariff reduction. The government increases income tax paid by households to offset the foregone revenue from tariff reduction.
Households
Simulations
Carb-Tax
A 385 peso carbon tax (1994 peso) per ton of carbon emissions. The Government recycles the generated carbon revenue by reducing income taxes imposed among households Trad-Car 60 percent nominal tariff reduction with a 385 peso carbon tax to maintain carbon emissions relative to 1994 levels under a liberalized economy. The government increases (decreases) income tax paid by households if the foregone revenue from tariff reduction is higher (smaller) than the revenue earned from carbon tax.
All simulations employ equal yield scenarios with household direct income tax functioning as a compensatory measure. The compensatory direct income tax adjusts endogenously in the model. Essentially, there are three possibilities. First, tariff reduction reduces government revenue forcing the government to increase household income tax rates to maintain budgetary position. Second, carbon taxation increases government revenue, compelling the government to reduce household income tax rates to maintain budgetary position. Finally, the government may either increase (or decrease) the income tax rate whenever the revenue lost from tariff reduction is higher (lesser) than the revenue earned from the carbon tax.
Simulation 1: Trad-Lib
Macro effects: The tariff reductions lead to an 11 percent fall in the local price of imported products resulting in a 5.2 percent increase in overall imports (Table 9 ).
Consumer prices decreases by 5.7 percent, giving rise to a 0.2 percent increase in consumption as consumers substitute cheaper imports for domestic goods. Similarly, the tariff reductions reduce the price of imported intermediate inputs, resulting in a 4-percent dip in the domestic cost of production. The reduction in the domestic cost of production brings about a real-exchange rate depreciation (by 4.8 percent), making Philippine-made products relatively cheaper in the international market. Producers reallocate towards the international market resulting in a 22 4.8 percent increase in exports, and a 1 percent reduction in allocation for domestic sales.
The reduction in the domestic cost of production allows firms to expand their production giving rise to a 0.2 percent increase in overall output. However, the tariff reductions reduce the local price of imported fossil fuel inputs resulting in a 2 percent increase in economy-wide carbon emissions.
Sectoral Effects:
The tariff reductions result in an output expansion for the manufacturing, transport, and refined oil sectors, but an output contraction for agriculture, services, coal, crude oil, and electricity sectors (Table 10 ). The reduction in coal and crude oil output results from consumer and firm substitution towards cheaper coal and crude oil imports. Similarly, tariff reduction results in a decline in consumer prices (Pc i ) especially among the energy producing and the manufacturing sectors. This is not surprising as these sectors experience a higher tariff reduction compared to other sectors. For instance, the local import prices of energy drops substantially with refined oil, crude oil, and coal import prices falling by 9, 12, and 20 percent respectively. Thus, their respective consumer prices go down as well (crude oil, refined oil, and coal by 20, 10, and 6 percent respectively).
The availability of cheap energy inputs allows the electricity sector to reduce its consumer prices by 5 percent. Hence, electricity intensive sectors such as light-and heavy-manufacturing benefit. Moreover, the reduction in electricity prices coupled with the availability of cheap intermediate inputs, allows both light-and heavy-manufacturing sectors to reduce their local cost of production. This makes their products relatively cheaper in the international market, hence both their exports increases by at least 5 percent.
Nevertheless, both sectors' imports increases as well (7.4 and 6.4 percent for light-and heavy-manufacturing respectively) owing to their inherent production structure concentrating on import-intensive and assembly-type operation with little value added content. The transportation sector gains from cheaper energy prices, resulting in a 0.4 percent increase in transportation output. However, the services sector stands out as the biggest loser arising from the substantial reduction in its consumer prices, hence, profitability. Where: pmi : import (local) prices, pdi : domestic prices, pci : composite commodity prices, pxi : output prices, pli : local prices, mi: imports, ei : exports, di : domestic sales, ci : composite commodity, xi : total output, δ : change Value Added.: The Price of the energy value added (PEVA) declines as a result of the tariff reduction. Similarly, the price of the capital-labor value added decreases for most sectors with the exception of light manufacturing and refined petroleum due to the increase in the cost of capital facing them (table 11) . In spite of this, the average cost of sector specific capital for the whole economy falls by 0.9 percent. On the other hand, the demand for labor increases for output expanding sectors (such as light manufacturing, 24 heavy manufacturing, transport, and refined oil) as over-all wage falls by 1.5 percent. The resource reallocation impact of all these is that labor moves towards output expanding sectors. Where: KLEVA:capital-labor-energy value added, KLVA: capital-labor value added, EVA: energy value added, PKLEVA: price of capitallabor-energy value added, PKLVA: price of capital-labor value added, PEVA: price of energy value added, r: return to capital, l: labor
Household Income and Consumer Prices:
The changes in household income, household disposable income, and consumer prices are shown in Table 12 . All households experience a reduction in income due to the reduction in the average returns to capital and labor wages (0.9 and 1.5 percent respectively). Moreover, the reduction in households' disposable income is higher as the government increases the income tax rates imposed on households in order to offset the foregone tariff revenue as a result of tariff reduction. The changes in household disposable income vary by educational attainment with disposable income of household heads with college education decreasing more as they experience a higher increase in income tax rates owing to the progressive nature of income taxes. Moreover, the reduction in disposable income is higher among urban inhabitants compared to rural dwellers as the former are mostly employed in the formal sector, thereby bearing the burden of higher income tax payments.
The cost of household specific consumer basket falls for all households as a result of the tariff reduction. The fall in the cost of household specific consumer basket is lesser than the reduction in disposable income for most households, except among urban household heads with at least a high school education, and rural household heads with college education. An examination of inter-household group poverty indices suggest that urban household heads with at least a high school education, and rural household heads with college education experience an increase in poverty. This is because the reduction in their disposable income is much higher than the reduction in the cost of their household specific consumer basket. The reduction in disposable income among these households is higher due to the burden of higher income tax payments. 
Simulation 2: Carb-Tax
Macro Effects: The macroeconomic effects of imposing a 385 peso (1994 peso value) carbon tax results in a marginal reduction in over-all output (0.02 percent). The reduction in output results from a costlier production structure due to the increase in the relative prices of energy inputs. In turn, this leads to a 0.24 percent increase in consumer prices thereby resulting in a 0.02 percent decrease in consumption. The real exchange rate appreciates marginally (-0.07 percent) as the increase in the domestic cost of production (0.12 percent) makes Philippine made products relatively expensive abroad.
Exports decreases by 0.07 percent while imports fall as lesser exports translates to reduced capacity to pay for imported goods 11 . The imposition of the carbon tax results in a 2 percent fall in carbon emissions.
Sectoral Effects:
The carbon tax results in an output contraction for a majority of the sectors with the exception of agriculture and services which are relatively less energy intensive. The output contraction is greatest among energy producing sectors and the transport sector, whereas the light manufacturing sector experiences no change in output.
As expected, the carbon tax brings about an increase in consumer prices (Pc i ) particularly among the energy producing sectors with coal experiencing the highest increase in 10 With the exception of urban female headed college educated households 11 This is due to the closure in the model which assumes of fixed current account balance.
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consumer prices (17 percent). This is because coal is imposed the highest amount of carbon tax being the most carbon intensive fuel.
Value Added: The price of energy value added increases due to the imposition of the carbon tax, while the cost of capital-labor value added falls arising from the reduction in labor wages and the price of capital (0.23 and 0.22 percent respectively). The changes in the labor market is similar to the first simulation as demand for labor increases among output expanding sectors but falls among the output contracting ones. Thus, labor moves towards agriculture and services.
Household Income and Consumer Prices: All households experience a decline in income as the average returns to capital and labor wages fall by 0.22 and 0.23 percent respectively. However, the reduction in household income does not fully translate to a fall in household disposable income as the generated carbon tax revenue was used to reduce the income tax rates imposed among households. In fact, two thirds of all households benefits as they experience an increase in disposable income (these are: urban female headed elementary educated households; urban male and female headed high school educated households; urban male and female headed college educated households; rural male and female headed college educated households). In general, the changes in household disposable income vary by educational attainment and by place of inhabitant.
Urban male and female headed college educated households experience the highest increase in disposable income as a result of a higher reduction in income tax rates 12 .
Whereas urban male headed elementary educated households, rural male and female headed elementary educated households, and rural male headed high school educated households endure a reduction in disposable income. This is because they pay relatively lower taxes at the base thereby getting a lesser decrease in income tax rates.
The cost of household specific consumer basket increases for all households as a result of the carbon tax. By and large, it appears that the increase in the cost of consumer basket is lesser among low educated households. In a way, this suggests that low educated household's commodity basket contains lesser energy goods when compared to other households. The net impact of the changes in disposable income and consumer 29 prices vary among households. Elementary educated households in the urban area as well as households in the rural area with high school education or lower suffers as they experience an increase in the cost of their consumer basket outweighing the change in their disposable income.
Poverty:
The national poverty headcount, poverty gap, and severity of poverty increases marginally (0.2, 0.3 and 0.4 percent) as a result of the carbon tax. Table 13 reveals that the changes in poverty indices across households are influenced by the changes in disposable income and the changes in the cost of consumer basket. This implies that households experiencing a higher increase in their cost of consumer basket relative to the change in disposable income experience an increase in poverty indices. On the whole, the changes in poverty indices are marginal across households with households benefiting from a higher increase in disposable income gaining a reduction in poverty gap and severity of poverty.
Simulation 3: Trad-Car
The tariff reductions brings about cheaper energy inputs which results in a 2 percent increase in carbon emissions. A carbon tax of 385 (1994 peso value) per ton of carbon emissions is necessary in order to maintain carbon emissions relative to 1994 levels under a liberalized economy.
Macro Effects:
The macroeconomic effects are similar to the first simulation but lesser in magnitude due to the imposition of the carbon tax. The reduction in consumer prices is slightly less at 5.5 percent (compared to 5.7 percent in trad-lib) resulting in a smaller reduction in domestic production cost. Moreover, the real exchange rate depreciates less resulting in a marginally smaller increase exports. Over-all output increases by 0.17 percent, as the imposition of the carbon tax restricts the expansionary output impact of the tariff reductions.
Sectoral trade, output, and consumption: The carbon tax does not significantly alter the sectoral results observed from the first simulation. Both the output contracting and output expanding sectors remain the same. However, the magnitude of changes is marginally different with output expanding sectors generating a smaller increase in output, while output contracting sectors experiencing a higher reduction in output.
Similarly, the pattern of changes in prices are similar to the first simulation suggesting that the tariff reduction outweighs the cost impact of the carbon tax. An exception however is the 10 percent increase in the composite price of coal compared to the 6.7 percent dip under the trad-lib scenario-as coal is imposed the highest amount of carbon tax being the most carbon intensive fuel. On the other hand, the consumer price of refined and crude oil decreases as the reduction in tariff outweighed the cost impact of the carbon tax.
A comparison of coonsumer price changes reveals that the consumer price of refined oil, coal, crude oil and electricity is higher by 3, 16, 2, and 1 percentage points respectively under the trad-car scenario when compared to the trad-lib scenario. This results in a 0.7, 0.2, 0.9 and 0.1 percentage point reduction in the composite demand for refined oil, coal, crude oil and electricity respectively under the trad-car scenario.
Value Added: The Price of the energy value added (PEVA) still decreases as a result of the tariff reduction, although the decrease is slightly lower when compared to the trad-lib scenario because of the carbon tax. The price of capital-labor-energy value added (PKLEVA) still falls owing from the reduction in both the price of capital-labor value added (PKLVA) and the price of energy value added (PEVA). The fall in PKLVA is lower in this scenario because of a higher reduction in wages and the prices of capital when compared to the trad-lib scenario. Whereas the fall in (PEVA) is slightly less compared to the trad-lib scenario-as the reduction in energy prices due to tariff reduction is partially offset by the carbon tax.
Household Income and Consumer Prices:
The lower return to capital and labor wages results in an income reduction for all households. The fall in household's income is higher under this scenario compared to trad-lib because of a higher reduction in both wages and return to capital. On the other hand, the magnitude of the reduction in disposable income is lower among low educated households. All households experience a marginally lower reduction in the cost of their consumer basket compared to the first simulation as the imposition of the carbon tax partially offsets the price reduction impact of tariff reduction.
Poverty:
The national poverty headcount decreases by 2.2 percent, while the poverty gap and severity of poverty decreases by 4 and 5 percent respectively. Both the 31 reduction in poverty among rural inhabitants and the rise in poverty among highly educated households is lesser compared to the first scenario. The former is due to a marginally lower reduction in consumer prices as the imposition of carbon taxes partially offsets the price reduction impacts of tariff reduction, while the latter is due to the carbon tax revenue recycling scheme. Over-all, the decrease in national poverty headcount, poverty gap, and severity of poverty is only marginally lower when compared to the tradlib scenario in spite of the imposition of the carbon tax
Conclusion
The tariff reductions undertaken by the government reduced the cost of imported goods driving the domestic cost of production down thereby benefiting the outwardoriented and import-dependent manufacturing sector. Similarly, the tariff reductions increased over-all output and reduced the national poverty headcount, the poverty gap, and the severity of poverty.
The government policy of increasing income taxes to compensate for the foregone tariff revenue has varying effects among households. Households who pay relatively larger income tax at the base suffer, as the increase in income taxes-in order for the government to recover the foregone tariff revenue-reduces their disposable income significantly thereby offsetting the reduction in consumer prices brought about by the tariff reduction.
The Tariff reductions bring the cost of imported fossil fuels down, thereby resulting in an increase in carbon emissions. Imposing a carbon tax to reduce carbon emissions appears reasonable for a developing economy like the Philippines. The economic cost of imposing a carbon tax to maintain carbon emissions relative to 1994 levels appears marginal as the reduction in consumer prices due to the tariff reductions outweigh the increase in production cost from the imposition of a carbon tax. Although carbon taxes bring about a marginally costlier production structure, the changes in output and poverty indices are not significantly different from the no-carbon tax (trad-lib) scenario. In conclusion, the simulation results suggest that maintaining carbon emissions relative to 1994 levels appears to be a sensible alternative for the country.
